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Description

TECHNICAL FIELD

[0001] The present invention relates to a brake appa-
ratus.

BACKGROUND ART

[0002] Conventionally, a brake apparatus has been

used which brakes the rotation of a wheel by causing a
force by an actuator to act on points of force of a pair of
link arms rotatable about fulcrums and causing brake lin-
ings supported on points of action of the link arms to slide
in contact with brake discs.

[0003] JP10-505038A discloses a brake caliper unitin
which one end parts of caliper levers are coupled to each
other, the other end parts are respectively rotationally
mounted on brake pads and an eccentric body transmis-
sion device provided on a fulcrum between the both end
parts of the caliper levers rotates the caliper levers. The
eccentric body transmission device includes an eccentric
pin configured to rotate by receiving a force by a braking
force generator and rotates the caliper levers about the
one end parts by the rotation of this eccentric pin.

SUMMARY OF INVENTION

[0004] However, in the caliper brake unit of
JP10-505038A, circumferential tangential forces acting
on the brake pads from the brake discs during braking in
which the brake pads slide in contact with the brake discs
acton the eccentric pin ofthe eccentricbody transmission
device. Thus, a large force is necessary to rotate the
eccentric pin during braking and it has been difficult to
improve mechanical efficiency.

[0005] The presentinvention aims to improve the me-
chanical efficiency of a brake apparatus.

[0006] According to one aspect of the present inven-
tion, a brake apparatus for braking by sandwiching brake
discs rotating together with a wheel, includes a brake
main body supported on a vehicle body or a truck; a pair
of link arms having supporting portions between one and
other end parts rotatably supported on the brake main
body, the pair of link arms being respectively provided to
face both surfaces of the brake discs and configured such
that the other end parts support brake linings for giving
africtional force by sliding in contact with the brake discs;
a first coupling member coupled to the one end part of
one of the pair of link arms; a second coupling member
coupled to the one end part of the other of the pair of link
arms to freely advance and retract with respect to the
first coupling member; an actuator configured to advance
and retract an output member; a lever rotatably coupled
to the output member of the actuator and configured to
be rotated by advancing and retracting movements of
the output member; and a booster unit configured to ad-
vance and retract the second coupling member with re-
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spect to the first coupling member by boosting a force
transmitted by the rotation of the lever.

BRIEF DESCRIPTION OF DRAWINGS
[0007]

FIG. 1is a plan view of a brake apparatus according
to a first embodiment of the present invention, and
FIG. 2 is a front view in FIG. 1,

FIG. 3 is a left side view in FIG. 2,

FIG. 4 is a plan view of a brake apparatus according
to a modification of the first embodiment of the
present invention,

FIG. 5is a plan view of a brake apparatus according
to a second embodiment of the present invention,
and

FIG. 6 is a plan view of a brake apparatus according
to a third embodiment of the present invention.

DESCRIPTION OF EMBODIMENT

[0008] Hereinafter, embodiments of the presentinven-
tion are described with reference to the drawings.

(First Embodiment)

[0009] First, the configuration of a brake apparatus 100
according to a first embodiment of the present invention
is described with reference to FIGS. 1 to 4.

[0010] The brake apparatus 100 is mainly applied to
railway vehicles. The brake apparatus 100 brakes a
wheel 1 by sandwiching brake discs 1a rotating together
with the wheel 1. Specifically, the brake apparatus 100
brakes the rotation of the wheel 1 by frictional forces be-
tween the brake discs 1a and brake linings 2 by sand-
wiching the brake discs 1a from opposite sides by a pair
of brake linings 2.

[0011] The brake discs 1a are formed on both sides of
the wheel 1 and integrally rotate with the wheel 1. Instead
of a configuration in which the brake discs 1a are inte-
grally formed to the wheel 1, separate brake discs 1a
configured to rotate together with the wheel 1 may be
provided.

[0012] The brake linings 2 face the brake discs 1a with
a predetermined interval set in advance therebetween
(state shown in FIG. 1) when braking is not applied. The
brake linings 2 move toward the brake discs 1a and are
pressed into contact with the brake discs 1a in parallel
during braking.

[0013] The brake lining 2 includes a back plate portion
2a supported on a lining holding portion 3 of the brake
apparatus 100 and a friction member 2b configured to
come into contact with the brake disc 1a during braking.
The friction member 2b is composed of a plurality of seg-
ments and fixed to a surface of the back plate portion 2a.
The brake lining 2 brakes the rotation of the wheel 1 by
a frictional force generated by the contact of the friction
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member 2b and the brake disc 1a.

[0014] The lining holding portion 3 includes dovetail
grooves (not shown) into which the back plate portions
2aof the brake linings 2 are to be inserted. Anchor blocks
4 to be fixed to the lining holding portion 3 by a pair of
anchor bolts 5 are respectively provided on upper and
lower end parts of the lining holding portion 3. The anchor
blocks 4 fix end parts of the back plate portions 2a of the
brake linings 2 in a longitudinal direction (vertical direc-
tion in FIG. 2). This causes the brake linings 2 inserted
into the dovetail grooves to be held on the lining holding
portion 3.

[0015] The brake apparatus 100 includes a brake main
body 10, a pair of link arms 30 having supporting portions
32 between one end parts 31 and other end parts 33
rotatably supported on the brake main body 10, a first
coupling member 35 coupled to the one end part 31 of
one of the pair of link arms 30, a second coupling member
36 coupled to the one end part 31 of the other of the pair
of link arms 30 to freely advance and retract with respect
to thefirst coupling member 35, an actuator 20 configured
to advance and retract a rod 21 as an output member, a
lever 40 rotatably coupled to the rod 21 of the actuator
20 and configured to be rotated by advancing and re-
tracting movements of the rod 21, and a booster unit 50
configured to advance and retract the second coupling
member 36 with respect to the first coupling member 35
by boosting a force transmitted by the rotation of the lever
40.

[0016] The brake mainbody 10 is supported on a truck
(not shown) when the brake apparatus 100 is applied to
a railway vehicle. The brake main body 10 is supported
on a vehicle body (not shown) when the brake apparatus
100 is applied to a vehicle other than railway vehicles.
[0017] The actuator 20 is a fluid pressure actuator con-
figured to be operated by a pressure of compressed air
as working fluid. Instead of the compressed air, liquid or
other fluid such as hydraulic oil may be used as the work-
ing fluid. The actuator 20 is attached to one of the pair
of link arms 30. The actuator 20 is provided in a region
enclosed by the first coupling member 35, the second
coupling member 36 and the pair of link arms 30.
[0018] The actuator 20 includes an actuator main body
20a, adiaphragm 20c as an elastic membrane configured
to define a pressure chamber 20b, into and from which
the compressed air is supplied and discharged, in the
actuator main body 20a, a piston 20d coupled to the rod
21 and configured to advance and retract by the defor-
mation of the diaphragm 20c and a return spring 20e as
a biasing member configured to bias the piston 20d
against the pressure of the compressed air in the pres-
sure chamber 20b. The actuator 20 operates on the basis
of a braking operation of a driver and advances and re-
tracts the rod 21 with respect to the actuator main body
20a.

[0019] When the brake apparatus 100 is in a non-brak-
ing state, the compressed air is released from the pres-
sure chamber 20b. Thus, the piston 20d is biased by a
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biasing force of the return spring 20e and the rod 21 en-
ters the actuator main body 20a. On the other hand, when
the compressed airis supplied into the pressure chamber
20b, a force by the pressure in the pressure chamber
20b overcomes the biasing force of the return spring 20e
and the rod 21 retracts from the actuator main body 20a.
In this way, the brake apparatus 100 enters a braking
state.

[0020] Without limitation to this, the actuator 20 may
be of another type such as a mechanical actuator con-
figured to be operated by the rotation of an electric motor.
[0021] Further, as in a brake apparatus 150 according
to a modification shown in FIG. 4, the actuator 20 may
be provided to project on a side of one link arm 30 op-
posite to a surface facing the other link arm 30. In this
case, the actuator 20 is provided outside a region en-
closed by the first coupling member 35, the second cou-
pling member 36 and the pair of link arms 30. Thus, the
transfer of friction heat generated by the sliding contact
of the brake linings 2 with the brake discs 1a during brak-
ing to the actuator 20 is prevented. Further, since the
actuator 20 is in contact with outside air, cooling perform-
ance of the actuator 20 can be improved.

[0022] The rod 21 includes a coupling shaft 22 rotata-
bly coupling the lever 40 to a coupling portion 21a. The
coupling shaft 22 is so arranged that a center axis thereof
is parallel to the brake linings 2. The rod 21 can advance
and retract with respect to the actuator main body 20a
and swing in directions toward and away from the booster
unit 50 (lateral directions in FIG. 1). Instead of this, the
actuator 20 itself may be swingably supported on the link
arm 30 via a swing mechanism (not shown).

[0023] AsshowninFIG. 1, the link arms 30 are respec-
tively provided to face both surfaces of the brake discs
1a. The one end parts 31 of the pair of link arms 30 are
coupled by the first and second coupling members 35,
36. The other end parts 33 of the link arms 30 swingably
support the brake linings 2 configured to give frictional
forces by sliding in contact with the brake discs 1a. As
shown in FIG. 2, the link arm 30 is formed into a substan-
tially U shape having a pair of arm portions 30a provided
on upper and lower sides.

[0024] As shown in FIG. 1, a coupling shaft 31a cou-
pling the first coupling member 35 and the link arm 30
by penetrating therethrough is provided on the one end
part 31 of one link arm 30, and a coupling shaft 31a cou-
pling the second coupling member 36 and the link arm
30 by penetrating therethrough is provided on the one
end part 31 of the other link arm 30.

[0025] An arm shaft 32a coupling the link arm 30 and
the brake main body 10 by penetrating therethrough is
provided on the supporting portion 32 of the link arm 30.
The link arm 30 is rotatably supported on the brake main
body 10 by the arm shaft 32a. A circumferential tangential
force acting on the brake lining 2 from the brake disc 1a
during the braking of the brake apparatus 100 acts on
the brake main body 10 via the arm shaft 32a from the
supporting portion 32.
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[0026] A lining shaft 33a coupling the link arm 30 and
the lining holding portion 3 by penetrating therethrough
is provided on the other end part 33 of the link arm 30.
The lining holding portion 3 is rotatably supported on the
link arm 30 by the lining shaft 33a. In this way, the brake
lining 2 is made swingable relative to the link arm 30 and
can constantly come into contact with the brake disc 1a
in parallel during braking.

[0027] As shown in FIG. 3, the first coupling member
35 includes a tip portion 35a coupled to the second cou-
pling member 36 via the booster unit 50 and a through
hole 35b formed on the tip portion 35a and penetrating
through the tip portion 35a in a direction parallel to the
coupling shaft 31a. The first coupling member 35 is ro-
tatably coupled to one link arm 30 with the coupling shaft
31a as a rotary shaft. A rotary portion 52 of a later-de-
scribed eccentric cam 51 of the booster unit50 is inserted
through the through hole 35b.

[0028] Thesecond couplingmember 36 includes a pair
of tip portions 36a coupled to the first coupling member
35 via the booster unit 50 and through holes 36b respec-
tively formed on the pair of tip portions 36a and penetrat-
ing through the tip portions 36a in a direction parallel to
the coupling shaft 31a. The second coupling member 36
is rotatably coupled to the other link arm 30 with the cou-
pling shaft 31a as a rotary shaft. Eccentric portions 53 of
the later-described eccentric cam 51 of the booster unit
50 are inserted through the through holes 36b.

[0029] The pair of tip portions 36a are provided at op-
posite axial ends of the tip portion 35a of the first coupling
member 35. The pair of through holes 36b are coaxially
formed. The pair of through holes 36b are eccentrically
formed at a distance L2 (see FIG. 1) from the through
hole 35b of the first coupling member 35. It should be
noted that the second coupling member 36 may be ro-
tatably coupled to the one link arm 30 and the first cou-
pling member 35 may be rotatably coupled to the other
link arm 30.

[0030] As shown in FIG. 1, the lever 40 transmits a
force by advancing and retracting movements of the rod
21 of the actuator 20 to the booster unit 50. One end part
41 of the lever 40 is rotatably coupled to the coupling
shaft 22 of the rod 21. Another end part 42 of the lever
40 is unrotatably coupled to the later-described rotary
portion 52 of the booster unit 50. The lever 40 rotates
between the coupling shaft 22 and the rotary portion 52
when the rod 21 advances and retracts with respect to
the actuator main body 20a.

[0031] Asshownin FIGS. 1 and 3, the booster unit 50
includes the eccentric cam 51 configured to advance and
retract the second coupling member 36 with respect to
the first coupling member 35 by being rotated about an
axis of rotation A1 by the rotation of the lever 40.
[0032] The eccentriccam 51 is provided on a part cou-
pling the first and second coupling members 35, 36. The
eccentric cam 51 includes the rotary portion 52 coupled
to the first coupling member 35 rotatably about the axis
ofrotation A1 and the eccentric portions 53 having a cent-
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er axis A2 at a position offset from the axis of rotation A1
and configured to rotate along arcuate paths about the
axis of rotation A1 by the rotation of the lever 40.
[0033] The rotary portion 52 is formed to have substan-
tially the same diameter as the through hole 35b of the
first coupling member 35. A center axis of the rotary por-
tion 52 is the axis of rotation A1 of the eccentric cam 51.
Thelever 40 is relatively unrotatably coupled to the rotary
portion 52. Thus, when the rod 21 advances and retracts
with respect to the actuator main body 20a to rotate the
lever 40, the eccentric portions 53 rotate along the arcu-
ate paths centered on the axis of rotation A1.

[0034] The eccentric portions 53 are formed to have a
smaller diameter than the rotary portion 52. The eccentric
portions 53 are formed to have substantially the same
diameter as the through holes 36b of the second coupling
member 36. The eccentric portions 53 are respectively
provided at opposite axial side of the rotary portion 52.
[0035] Asjustdescribed,the eccentriccam51includes
the rotary portion 52in a center and the eccentric portions
53 having a smaller diameter than the rotary portion 52
on opposite ends thereof. Thus, the eccentric cam 51 is
easily processed since a diameter thereof becomes
smaller from the center toward opposite end parts. Fur-
ther, since the first and second coupling members 35, 36
can be successively assembled with the eccentric cam
51, assembilability is good.

[0036] The brake apparatus 100 further includes an
adjuster 38 configured to extend the second coupling
member 36 according to an amount of abrasion of the
brake linings 2. Thus, when the brake linings 2 are abrad-
ed, the second coupling member 36 extends by that
much. Therefore, the predetermined intervals between
the brake linings 2 and the brake discs 1a can be main-
tained even if the brake linings 2 are abraded.

[0037] The adjuster 38 is provided on the one coupled
to the link arm 30 having the actuator 20 not attached
thereto out of the first and second coupling members 35,
36. Thus, in the case of attaching the actuator 20 to the
link arm 30 having the second coupling member 36 cou-
pled thereto, the adjuster 38 is provided on the first cou-
pling member 35. The adjuster 38 extends the second
coupling member 36 by extending an adjustment rod 37.
When the brake apparatus 100 enters a braking state
and the brake linings 2 are abraded, an adjustment screw
(not shown) provided in the second coupling member 36
rotates and the adjuster 38 extends the adjustment rod
37.

[0038] As just described, since the adjuster 38 is pro-
vided on the second coupling member 36, a positional
relationship of the actuator 20 and the booster unit 50
does not change even if the brake linings 2 are abraded
and the second coupling member 36 extends. Thus, even
if the brake linings 2 are abraded, it is possible not to
change operation characteristics of the actuator 20.

[0039] Next, functions of the brake apparatus 100 are
described.
[0040] The brake apparatus 100 enters the braking
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state from the non-braking state (state shown in FIGS. 1
to 3) when the actuator 20 operates on the basis of a
braking operation of the driver.

[0041] When the rod 21 is retracted from the actuator
main body 20a by the pressure of the compressed air
supplied to the pressure chamber 20b of the actuator 20,
the lever 40 rotates by being pushed by the coupling shaft
22. A force of the actuator 20 for retracting the rod 21 is
transmitted to the rotary portion 52 of the eccentric cam
51 via the lever 40.

[0042] The eccentric cam 51 is rotated in one direction
(clockwise direction in FIG. 1) by the force transmitted
via the lever 40. At this time, the eccentric portions 53
rotate along the arcuate paths about the axis of rotation
A1. Since this causes the second coupling member 36
to move integrally with the eccentric portions 53 in a di-
rection to separate from the first coupling member 35,
the one end parts 31 of the pair of link arms 30 move in
directions to separate from each other.

[0043] Since the link arms 30 are rotatably supported
on the brake main body 10 by the supporting portions
32, if the one end parts 31 move in the directions to sep-
arate from each other, the other end parts 33 move in
directions to approach each other. Thus, the brake linings
2 move toward the brake discs 1a and are pressed into
contact with the brake discs 1a in parallel to brake the
rotation of the wheel 1.

[0044] At this time, the eccentric cam 51 transmits a
force transmitted from the rod 21 via the lever 40 to the
link arms 30 by boosting the force by a factor of L1/L2
by a lever ratio of a distance L1 between a center axis
A3 of the coupling shaft 22 and the axis of rotation A1
and a distance L2 between the axis of rotation A1 and
the center axis A2 of the eccentric portions 53. Thus, a
large braking force can be obtained without providing a
large-size actuator. Therefore, the brake apparatus 100
can be reduced in size and weight.

[0045] Further, the supporting portion 32 of the link arm
30 betweenthe one and other end parts 31, 33 is rotatably
supported on the brake main body 10. The eccentric cam
51 configured to rotate the link arms 30 by boosting the
force transmitted to the rod 21 by the rotation of the lever
40 is provided on the part coupling the first and second
coupling members 35, 36. Thus, circumferential tangen-
tial forces acting on the brake linings 2 from the brake
discs 1a during the braking of the brake apparatus 100
act on the arm shafts 32a of the supporting portions 32
and do not act on the eccentric cam 51. Thus, frictional
resistance when the eccentric cam 51 rotates does not
become large, wherefore mechanical efficiency during
the braking of the brake apparatus 100 can be improved.
[0046] The force transmitted to the one end part 31 of
the link arm 30 from the eccentric cam 51 is boosted by
afactor of L3/L4 by a lever ratio of a distance L3 between
the one end part 31 and the supporting portion 32 and a
distance L4 between the supporting portion 32 and the
other end part 33. Since the distance L4 is longer than
the distance L3 in the brake apparatus 100, a force for
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pressing the brake lining 2 against the brake disc 1a is
smaller than the force transmitted to the one end part 31
of the link arm 30 from the eccentric cam 51.

[0047] However, in the brake apparatus 100, the force
transmitted from the rod 21 of the actuator 20 via the
lever 40 by the eccentric cam 51 is boosted by a large
factor. Thus, a sufficiently large braking force can be ob-
tained even if the link arms 30 are shortened to reduce
the distance L3 for a size and weight reduction of the
brake apparatus 100.

[0048] It should be noted that, in the brake apparatus
100, a degree of design freedom of the positions of the
arm shafts 32a of the supporting portions 32 is increased
by providing the eccentric cam 51 on the part coupling
the first and second coupling members 35, 36. Thus, it
is also possible to arrange the arm shafts 32a at positions
facing side surfaces of the wheel 1. Therefore, the dis-
tance L3 can be made longer than the distance L4 and
the brake linings 2 can be pressed against the brake discs
1a by further boosting the force boosted by the eccentric
cam 51.

[0049] The brake apparatus 100 enters the non-brak-
ing state (state shown in FIGS. 1 to 3) from the braking
state when the actuator 20 operates in a direction oppo-
site to that during braking based on a brake releasing
operation of the driver.

[0050] Whenthe compressed airinthe pressure cham-
ber 20b of the actuator 20 is discharged and the rod 21
is caused to enter the actuator main body 20a by the
biasing force of the return spring 20e, the lever 40 rotates
by being pulled by the coupling shaft 22. A force of the
actuator 20 for causing the rod 21 to enter is transmitted
to the rotary portion 52 of the eccentric cam 51 via the
lever 40.

[0051] The eccentric cam 51 is rotated in the other di-
rection (counterclockwise directionin FIG. 1) by the force
transmitted via the lever 40. At this time, the eccentric
portions 53 rotate along the arcuate paths centered on
the axis of rotation A1. This causes the one end parts 31
of the pair of link arms 30 to move in directions to ap-
proach each other. Thus, the other end parts 33 of the
pair of link arms 30 move in directions to separate from
each other. In this way, the brake linings 2 are separated
from the brake discs 1a to release the braking of the
wheel 1.

[0052] According to the above first embodiment, the
following effects are exhibited.

[0053] The link arms 30 have the supporting portions
32 between the one end parts 31 and the other end parts
33 rotatably supported on the brake main body 10. The
eccentric cam 51 for rotating the link arms 30 by boosting
a force transmitted to the rod 21 by the rotation of the
lever 40 is provided on the part coupling the first and
second coupling members 35, 36. Thus, circumferential
tangential forces acting on the brake linings 2 from the
brake discs 1a during the braking of the brake apparatus
100 act on the arm shafts 32a of the supporting portions
32 and do not act on the eccentric cam 51. Accordingly,
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frictional resistance when the eccentric cam 51 rotates
does not become large, wherefore mechanical efficiency
during the braking of the brake apparatus 100 can be
improved.

(Second Embodiment)

[0054] Next, the configuration of a brake apparatus 200
according to a second embodiment of the present inven-
tion is described with reference to FIG. 5. It should be
noted that components similar to those of the first em-
bodiment described above are denoted by the same ref-
erence signs and repeated description is omitted as ap-
propriate in each of the following embodiments.

[0055] The second embodiment differs from the first
embodiment in that an actuator 20 is provided on a brake
main body 10.

[0056] The actuator 20 is provided between a pair of
link arms 30 in a brake main body 10. Also in this case,
circumferential tangential forces acting on brake linings
2 from brake discs 1a during the braking of a brake ap-
paratus 200 act on arm shafts 32a of supporting portions
32 and do not act on an eccentric cam 51 as in the above
firstembodiment. Accordingly, frictional resistance when
the eccentric cam 51 rotates does not become large,
wherefore mechanical efficiency during the braking of
the brake apparatus 200 can be improved.

[0057] Further, since the actuator 20 is arranged be-
tween the pair of link arms 30 according to the second
embodiment, a lateral weight balance of the brake appa-
ratus 200 can be improved. Further, since the actuator
20 is provided on the brake main body 10, piping for sup-
plying and discharging compressed air to and from the
actuator 20 is easily arranged.

(Third Embodiment)

[0058] Next, the configuration of a brake apparatus 300
according to a third embodiment of the present invention
is described with reference to FIG. 6.

[0059] The third embodiment differs from the first and
second embodiments in that an actuator 20 is provided
on a first coupling member 35.

[0060] The actuator 20 is provided at a position distant
from supporting portions 32 than one end parts 31 of link
arms 30. That is, the actuator 20 is provided to face a
brake main body 10 across the first coupling member 35.
[0061] Alsointhis case, circumferential tangential forc-
es acting on brake linings 2 from brake discs 1a during
the braking of a brake apparatus 300 act on arm shafts
32a of the supporting portions 32 and do not act on an
eccentric cam 51 as in the above first and second em-
bodiments. Accordingly, frictional resistance when the
eccentric cam 51 rotates does not become large, where-
fore mechanical efficiency during the braking of the brake
apparatus 300 can be improved.

[0062] Further, since the actuator 20 is provided out-
side a region enclosed by the first coupling member 35,
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a second coupling member 36 and a pair of link arms 30
according to the third embodiment, a degree of freedom
in designing the link arms 30 is improved. Thus, the link
arms 30 can be shortened, wherefore the brake appara-
tus 300 can be reduced in size and weight.

[0063] It should be noted that the actuator 20 has only
to be attached to the first coupling member 35 or the
second coupling member 36. Thus, the actuator 20 may
be provided inside the region enclosed by the first cou-
pling member 35, the second coupling member 36 and
the pair of link arms 30. In the case of attaching the ac-
tuator 20 to the second coupling member 36, an adjuster
38 is provided on the first coupling member 35.

[0064] The configurations, functions and effects of the
embodiments of the present invention are summarized.
[0065] In the first to third embodiments, the brake ap-
paratus 100, 150, 200 or 300 for braking by sandwiching
the brake discs 1a rotating together with the wheel 1 in-
cludes the brake main body 10 to be supported on the
vehicle body or the truck, the pair of link arms 30 having
the supporting portions 32 between the one end parts 31
and the other end parts 33 rotatably supported on the
brake main body 10, respectively facing the both sides
of the brake discs 1a and configured such that the other
end parts 33 support the brake linings 2 for giving a fric-
tional force by sliding in contact with the brake discs 1a,
the first coupling member 35 coupled to the one end part
31 of one of the pair of link arms 30, the second coupling
member 36 coupled to the one end part 31 of the other
of the pair of link arms 30 to freely advance and retract
with respect to the first coupling member 35, the actuator
20 configured to advance and retract the rod 21, the lever
40 rotatably coupled to the rod 21 of the actuator 20 and
configured to be rotated by advancing and retracting
movements of the rod 21, and the booster unit 50 con-
figured to advance and retract the second coupling mem-
ber 36 with respect to the first coupling member 35 by
boosting a force transmitted by the rotation of the lever
40.

[0066] In this configuration, the link arms 30 have the
supporting portions 32 between the one end parts 31 and
the other end parts 33 rotatably supported on the brake
main body 10. The booster unit 50 configured to boost
the force transmitted to the rod 21 by the rotation of the
lever 40 is provided to advance and retract the second
coupling member 36 with respect to the first coupling
member 35. Thus, circumferential tangential forces act-
ing on the brake linings 2 from the brake discs 1a during
the braking of the brake apparatus 100 act on the sup-
porting portions 32 and do not act on the booster unit 50.
Therefore, mechanical efficiency during the braking of
the brake apparatus 100 can be improved.

[0067] Further, in the first to third embodiments, the
booster unit 50 includes the eccentric cam 51 configured
to advance and retract the second coupling member 36
with respect to the first coupling member 35 by being
rotated about the axis of rotation A1 by the rotation of the
lever 40.
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[0068] Further, in the first to third embodiments, the
eccentric cam 51 is coupled to one of the firstand second
coupling members 35, 36 and includes the rotary portion
52 configured to rotate about the axis of rotation A1 and
the eccentric portions 53 coupled to the other of the first
and second coupling members 35, 36, having the center
axis A2 at the position offset from the axis of rotation A1
and configured to be rotated along the arcuate paths
about the axis of rotation A1 by the rotation of the lever 40.
[0069] Accordingtothese configurations, the eccentric
cam 51 transmits a force transmitted from the rod 21 via
the lever 40 to the link arms 30 by boosting the force by
the factor of L1/L2 by the lever ratio of the distance L1
between the opposite end parts of the lever 40 and the
distance L2 from the axis of rotation A1 to the center axis
A2 of the eccentric portions 53. Thus, a large braking
force can be obtained without providing a large-size ac-
tuator. Therefore, the brake apparatus 100 can be re-
duced in size and weight.

[0070] Further, in the first embodiment, the actuator 20
is attached to one of the pair of link arms 30.

[0071] Further, in the first embodiment, the actuator 20
is provided to project on the side of the one link arm 30
opposite to the surface facing the other link arm 30.
[0072] In these configurations, the actuator 20 is pro-
vided outside the region enclosed by the first coupling
member 35, the second coupling member 36 and the pair
of link arms 30. Thus, the transfer of friction heat gener-
ated by the sliding contact of the brake linings 2 with the
brake discs 1a during braking to the actuator 20 is pre-
vented. Further, since the actuator 20 is in contact with
outside air, cooling performance of the actuator 20 can
be improved.

[0073] Further, in the first to third embodiments, the
adjuster 38 is further provided which extends the first or
second coupling member 35, 36 according to the amount
of abrasion of the brake linings 2.

[0074] In this configuration, when the brake linings 2
are abraded, the first or second coupling member 35, 36
extends by that much. Thus, the predetermined intervals
between the brake linings 2 and the brake discs 1a can
be maintained even if the brake linings 2 are abraded.
[0075] Further, in the first embodiment, the adjuster 38
is provided on the one coupled to the link arm 30 having
the actuator 20 not attached thereto out of the first and
second coupling members 35, 36.

[0076] Inthis configuration, since the adjuster 38 is pro-
vided on the one coupled to the link arm 30 having the
actuator 20 not attached thereto out of the first and sec-
ond coupling members 35, 36, even if the brake linings
2 are abraded and the first coupling member 35 extends,
the positional relationship between the actuator 20 and
the booster unit 50 does not change. Thus, even if the
brake linings 2 are abraded, it is possible not to change
the operation characteristics of the actuator 20.

[0077] Further, in the second embodiment, the actua-
tor 20 is attached to the brake main body 10.

[0078] Further, in the third embodiment, the actuator
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20 is attached to the first or second coupling member 35,
36.

[0079] In these configurations, mechanical efficiency
during the braking of the brake apparatus 200, 300 can
be improved as in the first embodiment even if the at-
tached position of the actuator 20 is changed.

[0080] Embodiments of this invention were described
above, butthe above embodiments are merely examples
of applications of this invention, and the technical scope
of this invention is not limited to the specific constitutions
of the above embodiments.

[0081] For example, the rod 21 of the actuator 20 and
the lever 40 may be covered by a cover member (not
shown) attached to the first coupling member 35. This
can protect the rod 21 and the lever 40 configured to
operate during the operation of the brake apparatuss
100, 150, 200 and 300.

[0082] Itshould be noted that the above embodiments
can be combined as appropriate.

[0083] This application claims priority based on Japa-
nese Patent Application No. 2014-166035 filed with the
Japan Patent Office on August 18, 2014, the entire con-
tents of which are incorporated into this specification.

Claims

1. Abrake apparatus for braking by sandwiching brake
discs rotating together with a wheel, comprising:

a brake main body supported on a vehicle body
or a truck;

a pair of link arms having supporting portions
between one and other end parts rotatably sup-
ported on the brake main body, the pair of link
arms being respectively provided to face both
surfaces of the brake discs and configured such
that the other end parts support brake linings for
giving a frictional force by sliding in contact with
the brake discs;

a first coupling member coupled to the one end
part of one of the pair of link arms;

a second coupling member coupled to the one
end part of the other of the pair of link arms to
freely advance and retract with respect to the
first coupling member;

an actuator configured to advance and retract
an output member;

a lever rotatably coupled to the output member
of the actuator and configured to be rotated by
advancing and retracting movements of the out-
put member; and

a booster unit configured to advance and retract
the second coupling member with respect to the
first coupling member by boosting a force trans-
mitted by the rotation of the lever.

2. The brake apparatus according to claim 1, wherein:
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the booster unit includes an eccentric cam con-
figured to advance and retract the second cou-
pling member with respect to the first coupling
member by being rotated about an axis of rota-
tion by the rotation of the lever. 5

3. The brake apparatus according to claim 2, wherein
the eccentric cam includes:

a rotary portion coupled to one of the first and 10
second coupling members and configured to ro-

tate about the axis of rotation; and

an eccentric portion coupled to the other of the

first and second coupling members, having a
center axis at a position offset from the axis of 75
rotation and configured to be rotated along an
arcuate path about the axis of rotation by the
rotation of the lever.

4. The brake apparatus according to claim 1, wherein: 20

the actuator is attached to one of the pair of link
arms.

5. The brake apparatus according to claim 4, wherein: 25
the actuator is provided to project on a side of

the one link arm opposite to a surface facing the
other link arm.

30
6. The brake apparatus according to claim 5, further
comprising an adjuster configured to extend the first
or second coupling member according to an amount
of abrasion of the brake linings.
35

7. The brake apparatus according to claim 6, wherein:
the adjuster is provided on the one coupled to
the link arm having the actuator not attached
thereto out of the firstand second couplingmem- 40
bers.

8. The brake apparatus according to claim 1, wherein:
the actuator is attached to the brake main body. 45

9. The brake apparatus according to claim 1, wherein:

the actuator is attached to the first or second
coupling member. 50

55
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